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TAbstract Terahertz (THz) sideband generation on a near-
infrared (NIR) carrier has been recently demonstrated using 
quantum cascade lasers (QCL), with potential applications in 
wavelength shifting and THz up-conversion. However, the NIR 
wavelength range and nonlinear efficiency were severely limited 
by absorption. Here we overcome this drawback through a novel 
reflection geometry, whilst preserving a large interaction area. As 
well as insights into the nonlinear mechanism, this allows a much 
large range of NIR pump energies, relaxing the criteria of using 
particular excitation wavelengths.  
I. I.    INTRODUCTION 
Hz nonlinear optics is in constant development thanks to 
performances of high-intensity THz sources. However, 
these sources remain expensive and require a 
considerable operational know-how. We have recently 
demonstrated that it is possible to exploit the THz fields 
generated by a compact source, the quantum cascade laser 
(QCL) [1], for THz nonlinear optics. By exploiting resonant 
nonlinearities, we have shown [2, 3] nonlinear frequency 
mixing between a near infrared (NIR) pump (ENIR) and a THz 
beam (EQCL) within a QCL cavity for sideband generation i.e. 
ENIR ± EQCL.  
In these previous studies, sideband generation have been 
demonstrated in a transmission geometry, where ENIR is 
coupled through one end of the cavity and the sideband exits 
the opposite end. However, sideband generation was 
inherently limited to a finite pump energy range, the sideband 
being rapidly absorbed by the bandgap. In this work, to 
overcome this absorption limitation and, by an appropriate 
novel reflection geometry, we demonstrate nonlinear 
frequency mixing between the external NIR and THz QCL 
photon on a much wider energy range. 
II. QCL DESIGN
The active region of the THz QCL used in this work was a 
GaAs/AlGaAs quantum well system designed for laser action 
around 2.9 THz (12meV) [4]. The asymmetric quantum wells 
of the active region are the resonant nonlinear medium.  
To implement the reflection geometry, engineered slits 
were realised on the metal top layer of the QCL, exposing the 
underlying quantum wells. The NIR pump is coupled into the 
active region by these slits. In this geometry, both NIR pump 
and sideband pass through 20m of material, compared to the 
cavity length (~1.5mm) in transmission geometry. It is 
therefore possible to overcome absorption and observe 
sideband generation with NIR excitations at much higher 
energies. 
III. SIDEBAND GENERATION IN REFLECTION
GEOMETRY
We show that both difference and sum frequency 
sidebands are observed on an NIR energy range of 40 meV, up 
to 1.558eV, considerably greater than the bandgap. By 
reducing the interaction distance to 20 m, it is possible to 
excite higher electronic levels which could not be observed in 
a transmission geometry. This shows that the inherent effect of 
absorption can be overcome. Moreover, by comparing the 
results with nonlinear susceptibility calculations, the electrons 
and holes states involved in sideband generation can be 
identified.
To conclude, sideband generation in a reflection 
geometry has been demonstrated in a THz QCL over a wide 
pump energy range (~40meV). It has been possible to largely 
overcome absorption and excite higher electronic states with 
the goal to reach higher sideband efficiencies. This will permit 
this work to be applied to THz up-conversion and all-optical 
wavelength shifting.  
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Figure 1: Top: typical spectrum of pump and sideband for 
difference frequency generation. Difference frequency generation 
as a function of sideband energy for transmission geometry (blue) 
and reflection geometry (orange) 
